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SPLIT SURFACE WAVE ACOUSTIC DELAY LINE 

This invention relates to a device in which an output signal 
is produced a predetermined period of time subsequent to the 
application of an input signal, and more particularly, to a 
delay or scanning device in which an input signal is converted‘ 
into an acoustic surface wave that propagates along the sur 
face of a piezoelectric medium and is detected at each one of a 
plurality of spaced output transducers at ?nite different in 
stances of time. 
‘ Delay devices containing multiple outputs are presently 
used in many well-known systems which require one or more 
signals to be separated by a precise increment of time. In those 
systems such a device permits selection of the desired incre 
mental delay by selection of the appropriate output tap on the 
delay line. One such system is the beam splitter found in 
modern radar circuits. Moreover, still different systems use 
multiple output delay lines as scanning switches. Therein each 
of a plurality of outputs on a delay line is connected to a cor 
responding gate which is in turn connected to a corresponding 
one of a plurality of sensors in a matrix. Subsequent to the ap 
plication on an input pulse, each gate is momentarily and seri 
ally energized and the presence or absence of a signal upon 
the corresponding sensor is detected and gated to proper elec 
tronic equipment. Applications for the latter include scanning 
light sensor matrices found in solid state television and large 
area displays, infrared, ultrasonic, microwave, and [millimeter 
wave sensor matrices. 

Heretofore an acoustic delay device has been ‘proposed 
which has an input transducer and a plurality of output trans 
ducers located spaced apart on the surface of a piezoelectric 
medium. High frequency signals supplied to the input trans 
ducer are thereby converted into an acoustic surface wave 
which travels or propagates down the surface of the piezoelec 
tric medium and passes, successively, each of the plurality of 
output transducers. Each of the output transducers detects the 
propagating surface wave as it passes and produces an electri 
cal output signal in response thereto. 
Although the proposed approach appears desirable, a 

device so constructed possessed some dif?culties in practice. 
Since each transducer is located in the path of the propagating 
acoustic surface wave, the wave is attenuated at each output 
transducer. Moreover, the presence of each transducer in the 
path of the wave caused re?ections. These reflections traveled 
back to a preceeding output transducer and the input trans 
ducer and created interference and extraneous signals. 

It is therefore an object of the invention to provide an 
acoustic surface wave delay line with structure that substan 
tially reduces interference between the output transducers. 

It is another object of the invention to provide an improved 
acoustic surface wave delay line which can be miniaturized 
and is compatible with integrated circuits. 
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It is a further object of the invention to provide an acoustic ‘ 
surface wave scanning device which provides increased isola 
tion between output transducers. 

Briefly stated, a transducer is coupled to the surface of a 
piezoelectric medium or layer for converting electrical signals 
supplied to the input thereof into an acoustic surface wave 
which travels in a ?rst path across the surface of the layer. A 
plurality of output transducers are spaced apart and coupled 
to the same surface and at least one re?ective grating is pro 
vided located in the path of travel of the acoustic surface 
wave. Each re?ective grating provided re?ects a portion of the 
incident acoustic wave in a second path skew to the ?rst path 
to a corresponding output transducer and permits the 
remainder of the acoustic surface wave to continue travel in 
the original direction. 

Further in accordance with an aspect of the invention, an 
output transducer is provided to detect any of such remainder. 

Further in accordance with the invention, the re?ective 
grating comprises a plurality of adjacent spaced parallel con 
ductive strips attached to the surface of the piezoelectric layer 
and skew to or aligned to an angle to the ?rst path of travel of 
the acoustic surface wave. 
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2 
The foregoing and other objects and advantages of the in 

vention become apparent upon review of the following 
detailed description taken together with the drawings in 
which: 

FIG. 1 illustrates a detailed construction of a delay line ac 
cording to the invention which has numerous outputs; 

FIG. 2 illustrates a modi?cation of the invention incor 
porated in an oscillator or closed loop delay line; and, 

FIG. 3 illustrates another embodiment using plural delay 
lines as applied to a directional antenna system. 
The embodiment of FIG. 1 shows a medium or layer of 

piezoelectric material 1 having a smoothly polished surface. 
The layer 1 is of a thickness preferably greater than one 
wavelength at the frequency which is to be used as the input 
signal. Such piezoelectric material may be quartz, lithium 
niobate, zinc oxide crystals, or any other suitable piezoelectric 
crystals or ceramics. Additionally, piezoelectric layer 1 may 
be supported on any other convenient surface of a suitable 
material, such as glass or ceramic. 
An input transducer 2 is coupled to the surface of piezoelec~ 

tric layer 1. In this embodiment input transducer 2 consists of 
a plurality of interdigitated strips or ?ngers 3 and 4 in opposed 
hands which are fabricated onto the surface of a layer 1. The 
hands and ?ngers are of electrically conductive material such 
as aluminum or other metal. The ?ngers of each hand are elec 
trically in common and connected to an input terminal 5. 
Likewise, the ?ngers of the other hand are electrically in com 
mon and connectedvto the opposite polarity input terminal 6. 
In input transducer 2 receives electrical energy applied from a 
suitable source, not illustrated, and converts this energy into 
an acoustic surface wave which travels outwardly from input 
transducer 2 in a ?rst path of travel along the surface of 
piezoelectric layer 1 between input transducer 2 and an out 
put transducer 7. Output transducer 7 is coupled to the sur 
face of piezoelectric layer 1 and consists of interdigitated ?n 
gers 8 and 9 of conductive material in opposed hands which 
are fabricated onto the surface of layer 1. Fingers 8 are electri 
cally in common and connected to an output terminal 10. Fin 
gers 9 are electrically in common and connected to an output 
terminal 1 1. 
An output transducer 12 is coupled at a spaced position off 

of the said ?rst path of travel to the surface of piezoelectric 
layer 1. Transducer 12 includes interdigitated ?ngers l3 and 
14 of conductive material in opposed hands which are 
fabricated onto the surface of piezoelectric layer 1. Fingers 13 
are electrically in common and connected to a terminal 15. 
Fingers 14 are electrically in common and connected to a ter 
minal 16. A fourth output transducer 17 is coupled to layer 1 
at a spaced position and contains interdigitated ?ngers l8 and 
19 of conductive material in opposed hands. Fingers 18 are 
electrically in common and connected to terminal 20. Fingers 
19 are electrically in common and connected to terminal 21. 
Each of the intermediate output transducers l2 and 17 is 

spaced from one another and is located off of the direct or ?rst 
path between input transducer 2 and the ?rst named or final 
output transducer 7. 
A plurality of adjacent spaced parallel conductive strips 22 

suitably of aluminum or other conductive material, are 
fabricated on the surface of the piezoelectric layer at a loca 
tion intercepting the ?rst path of travel of the acoustic surface 
wave in front of output transducer 12 and skew or aligned at 
an angle 9 to ?rst path extending directly between input trans 
ducer 2 and output transducer 7. Spaced therefrom is a 
second plurality of adjacent spaced parallel conductive strips 
23 which are attached to the surface of piezoelectric layer 1, 
located in the ?rst path between input transducer 2 and output 
transducer 7 in front of ‘output transducer 17, and skew or 
aligned at an angle 9 to that ?rst path. Each of these plurality 
of 22 and 23 strips form an angle 9’ between the axis of the 
strips and a direct or second path to the respective output 
transducer 12 and 17 which it confronts. 
Each of the input and output transducers, and sets of con 

ductive strips in FIG. 1 are deposited as a thin aluminum ?lm 
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upon the surface of piezoelectric layer 1 by an evaporation 
and photoresist process conventional in the integrated circuit 
art and which need not be described in detail. This provides a 
?rm connection or bond between the conductive ?ngers of 
each transducer and the conductive strips, and the surface of 
piezoelectric layer 1. 

In operation an alternating current pulse or pulses from a 
suitable circuit or source, not illustrated, and typically of the 
high frequency range is applied between input terminals 5 and 
6 to input transducer 2. Input transducer 2 converts the high 
frequency electrical energy into an acoustic surface wave. The 
mechanics of such conversion are believed to be as described. 
Because the adjacent ?ngers of input transducer 2 are op 

positely charged, electric ?elds are established therebetween 
through the piezoelectric layer. Inasmuch as a piezoelectric 
material is one in which strain and stresses is induced inside 
the material by the application of an external ?eld, and con 
versely, electric ?elds are induced inside the medium by appli 
cation of a mechanical stress, the electric ?eld established 
between the ?ngers induce a stress in the piezoelectric layer 1. 
The stress so induced causes the propagation or travel of a 
stress wave along the surface of the material and which is 
termed an acoustic surface wave. 
Analogous to this type of motion is the surface wave which 

propagates or travels along the surface of the earth in an 
earthquake or the ripple produced by dropping a body in a 
pool of water. 
As the polarity of the input signal reverses the electric ?eld 

between adjacent ?ngers of the input transducer likewise 
reverses. Accordingly, because the nature of the piezoelectric 
material the direction of the induced stress also reverses 
direction. . 

This acoustic wave effectively propagates or travels across 
the surface of the piezoelectric material in a first path toward 
output transducer 7. 
As is known, the velocity of propagation of an acoustic 

wave is much slower than the velocity with which electromag 
netic energy propagates through space. Hence, although the 
frequency of the electrical signal applied to input transducer 2 
is in the high frequency or microwave frequency range, since 
it is converted into an acoustic signal, the time required for 
such signal to travel between positions on‘the layer 1 is long 
relative to the time required'for an electromagnetic wave to 
traverse the same distance. Hence, workable delay intervals in 
a dimensionally small body are provided. 

Since the layer is of piezoelectric material, the acoustic 
wave has inseparately associated therewith a piezoelectric 
wave; that is, electrical potential differences that appear in a 
piezoelectric material between points under different 
mechanical stress. As this acoustic surface wave travels in a 
?rst path from transducer 2 to transducer 7, it successively in 
tercepts each of the sets 22 and 23 of angularly displaced con 
ductive strips. Each one of the plurality of conductive strips in 
the set 22 has a given surface area which electrically short cir 
cuits the piezoelectric material lying beneath. Because each of 
those conductive strips sets up a boundary condition requiring 
a zero electric ?eld beneath the strip, a portion of any 
piezoelectric wave incident upon such strip in the set must to 
satisfy those boundary conditions be re?ected and travels in a 
second path skew to the ?rst path toward output transducer 
12. The remainder of the acoustic wave, not attenuated, con 
tinues to travel past the set of conductive strips 12 in the ?rst 
path of travel toward the subsequent set of conductive strips 
23. Likewise, as the acoustic surface wave travels to the next 
set of strips 23, in order to satisfy the boundary conditions 
required by the presence of each of the short circuiting con 
ductive strips in the set 23, a portion of the propagating 
acoustic surface wave incident upon reaching the strips 23 is 
re?ected in a second path of travel toward output transducer 
17 at an angle or skew to the original or ?rst path of travel, 
while the remainder of the acoustic wave continues in the ?rst 
path toward output transducer 7. Hence, each of the sets of 
conductive strips 22 and 23 is a re?ective grating having a 
coef?cient or re?ectance and transmissivity. 
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4 
The behavior, re?ection and refraction, of acoustic and 

piezoelectric surface waves at the boundary between an un 
coated and metallic coated surfaces is readily understood by 
the following alternative explanation. It has been determined 
that the velocity of surface waves on a piezoelectric surface 
coated with conductive ?lm is slightly slower than that on the 
uncoated surface. When a change of velocity occurs as an 
acoustic surface wave propagates from one region on the sur 
face to another, re?ection and refraction take place at that 
boundary. This is analogous to the re?ection of a light beam, 
as it impinges upon the surface of a glass, since in glass the 
velocity of light is slightly lower than the velocity in free space. 
Those portions of the acoustic surface wave traveling to 

output transducers 12, 17, and 7 are thereat received, de 
tected, and converted from an acoustic signal back into elec 
trical signals of the input signal frequency. This conversion is 
believed to occur as follows: Since the acoustic surface wave 
causes what may be termed minute ripples or alternate crests 
or troughs similar to a wave, as such surface wave passes the 
interdigitated ?ngers of any of the transducers, it causes a type 
of motion of those ?ngers analogous to the motion of spaced 
bobbing corks. Because the acoustic wave is essentially a 
traveling stress and the layer upon which the stress travels is of 
piezoelectric material, which exhibits the property of produc 
ing a potential or voltage difference between different loca 
tions under different stress, a corresponding potential dif 
ference appears between the ?nger of each of the output 
transducers as the acoustic surface wave passes. 
The acoustic wave travels between the input transducer 2 

and each of the output transducers at a ?nite acoustic velocity 
or speed. Hence, the time in which this wave travels to each of 
the output transducers is ?nite and different and depends on 
the relative distance of such transducer from input transducer 
2. Hence, the acoustic surface wave in accordance with the 
relation velocity X time =distance progresses to each output 
transducer at a different period of time and electrical pulses 
are successively generated at the outputs of successively 
spaced output transducers. Thus, the embodiment of FIG. 1 
possesses the utility of a multiple tap delay line or scanning 
switch. 

It is understood that although transducer 2 is designated an 
input transducer that is done only because the input signal is 
applied to that transducer in the operation illustrated in FIG. I 
and described as a delay line with multiple taps or a scanning 
switch and accordingly transducers 7, I2, and 17 are 
designated output transducers because an output signal is 
taken therefrom. 

Since each of the transducers is of a common construction it 
is apparent that they can be used interchangeably as input or 
output transducers. Thus, in other applications other than that 
described in FIG. 1 a signal source may be connected to either 
transducer 7 or 17 and accordingly such transducer is then 
designated an input transducer. In such application it is ap 
parent that the original path taken by the acoustic surface 
wave generated at the input transducer is thus considered the 
?rst path of travel as herein described. ' 

It is also apparent that a longer layer of piezoelectric materi 
al permits the addition of additional re?ective gratings and 
corresponding output transducers. The only limitation on 
length of a single delay line appears due to attenuation of the 
acoustic surface wave. Likewise, as is apparent, a lesser 
number of re?ective gratings and output transducers than that 
illustrated in FIG. 1 may be constructed. 
The spacing between each of the conductive strips forming 

the re?ective grating affords some control over the amount or 
proportion of the acoustic wave that is re?ected to the output 
transducer and that which continues to travel along the 
original path. 

For maximum re?ection to each output transducer, the 
spacing of conductive strips satis?es “Bragg’s" law: 2d sin 8 = 
n A where d is the distance as hereinafter discussed between 
the front edge of adjacent conductive strips, n is an interger; 9 
is the angle of incidence and A is the acoustic wavelength of 
the input frequency, f, i.e. f A = v the acoustic velocity in the 
piezoelectric medium. 
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Because of the width of the conductive strip the distance, d, 
between conductive strips is indicated in FIG. 1 to be mea 
sured by the distance between the elongated front edge of one 
strip and the corresponding elongated front edge of the ad 

' jacent strip in re?ective grating 22. A like spacing is effected 
by taking the distance, d, as that between corresponding elon 
gated back edges of adjacent strips. Alternatively, that 
distance, d, may be expressed as the sum of the width of a strip 
and the actual spacing between adjacent conductive strips. 
As a plane wave of wavelength, A , encounters a periodic 10 

structure, which in the illustrated embodiment is formed of 
parallel conductive strips, of periodicity d, a strong re?ection 
occurs if Bragg’s law is satis?ed. If the spacing satis?es Bragg’s 
law then the acoustic wave re?ected by each conductive strip 
in the re?ective grating is constructively added in phase and a 
maximum amount of the acoustic energy is re?ected to the 
output transducer. 1 

If the spacing departs from that required to satisfy Bragg’s 
law, then a smaller portion of the intercepted acoustic surface 
wave is re?ected to the corresponding output transducer and a 
greater proportion continues to travel along the original path. 
This result is necessitated by well known principals of conser 
vation of energy. Preferably, the re?ective grating in the illus 
trated embodiment satisfies Bragg’s law. 
An additional control over the proportion of the acoustic 

surface wave is provided by the size of the re?ective grating 
chosen. To re?ect a greater. proportion of the acoustic wave to 
an output transducer the size of the grating is increased. That 
is, instead of two conductive strips, a third and or a fourth is 
applied to the surface of the piezoelectric layer. A limiting fac 
tor is that as the number of conductive strips is increased, the 
grating becomes frequency selective narrowing the bandwidth 
of re?ected frequencies. 
A third but inefficient control over the portion of the 

acoustic surface wave re?ected to an output transducer is to 
vary the angle 6' at which the output transducer is located 
relative to the re?ective grating. This may be accomplished 
either by locating the output transducer at a different angle, 
6', retaining the grating at the angle illustrated in FIG. 1, or by 
changing the angle 6 which the re?ective grating forms with 
the path of travel of the acoustic wave while leaving the output 
transducer in the location shown. With either of these 
procedures the output transducer in the location shown. With 
either of these procedures the output transducer is located off 
of the angle of re?ection (i.e. the angle of re?ection equals the 
angle of incidence according to well known principles) and 
hence, receives a lesser portion of the reflected acoustic ener 
gy while the remainder of that re?ected travels by the output 
transducer and is lost. This lost energy is obviously wasted. 
Consequently, the use of this manner of design adjustment 
lowers the overall efficiency of the device. 

In the embodiment of the invention illustrated in FIG. 1, the 
acoustic wave travels along the surface of piezoelectric layer 1 
and portions thereof are re?ected at each re?ective grating. 
As an example, if each grating re?ects one-fourth of the ener 
gy incident thereupon to its associated output transducer, 
each of the three output transducers illustrated will receive 
the following relative levels of signal strength assuming no 
other attenuation: ‘A; % >< V; or 3/16; and V; (3/16) or 9/16. 

It is apparent that by varying the design parameters in the 
manners discussed the outputs of each of the transducers can 
within the delay line itself be equalized to some extent to af 
ford a more uniform output. As an example, the spacing of the 
?rst relative grating may depart slightly from that which 
satis?es Bragg’s equation and one of the conductive strips 
deleted. Hence, this grating re?ects less than a one-fourth por 
tion of the incident energy. Likewise, the next re?ective grat 
ing may contain an additional conductive strip and re?ects a 
portion of incident energy greater than one-fourth. 
The space, b, between ?ngers in each of the input and out 

put transducers and the width, a, of each ?nger is preferably 
made approximately one-quarter wavelength at the center 
frequency of the signal that is to be applied to the input so that 
the total distance between the center of adjacent ?ngers is 
one-half wavelength. 
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Since adjacent ?ngers are at opposite potential during the 

application of the input signal, the mechanical stress created 
in one-half cycle of the layer along the direction or propaga 
tion between each two adjacent ?ngers is sinusoidal and one 
half wavelength. Upon the reversal in polarity due to the input 
signal going through the other half-cycle, this spatial pattern 
of the stress pattern created in the piezoelectric layer reverses. 
however, if the half wavelength distance between ?ngers is 
maintained, then the propagating elastic wave created by the 
preceeding two ?ngers will arrive additively in phase with the 
stress created between the subsequent adjacent ?eld in the 
direction of propagation. Otherwise partial cancellation oc 
curs. 

It is apparent that with the foregoing construction back 
re?ections of acoustic waves from the grating or an output 
transducer back to the input transducer and especially to 
preceeding output transducers is considerably reduced. For 
instance, a re?ection from a subsequent grating 23 or trans 
ducer 17 is incident upon the preceeding grating 22. In ac 
cordance with the principals of re?ection, a portion of this 
wave is re?ected outward by re?ective grating 22 away from 
preceeding output transducer 12, and the wave traveling back 
to the input transducer is accordingly reduced in magnitude 
by re?ected portion. Hence, much interference is avoided. 

FIG. 2 symbolically illustrated a novel oscillator, or closed 
loop delay line, embodying a delay line constructed in ac 
cordance with the principles discussed with respect to FIG. 1. 
A layer 31 of piezoelectric material sustains the propagation 
of acoustic surface waves coupled thereto from an input trans; 
ducer 32 along a path to a re?ective grating 33 which re?ects 
a portion of the acoustic wave to a first output transducer 34 
and the remaining portion to a second output transducer 35 
each of which converts the acoustic energy received into a 
corresponding electrical signal. One terminal of each trans 
ducer 36, 38, and 40, respectively is grounded or connected to 
any other suitable potential. A wide band ampli?er 42 has an 
input connected to receive the output signal from output 
transducer 34 at terminal 41. The output of ampli?er 42 is 
coupled to the input of input transducer 32 at terminal 37. 

In operation, an initial pulse is applied to input transducer 
32 from any suitable source, not illustrated, which may even 
be a voltage generated by noise. This pulse is converted to an 
acoustic surface wave by input transducer 32 and travels along 
piezoelectric layer 31. At re?ective grating 33, a portion of 
the incident acoustic energy is re?ected to output transducer 
34 and the remainder passes through the grating to output 
transducer 35 where it is detected and converted into an out 
put signal appearing between terminals 38 and 39. 
The re?ected portion of the acoustic wave is detected by 

transducer 34 which converts it into an output signal appear 
ing between terminals 40 and 41. This output signal is applied 
to the input of ampli?er 42 where the signal is ampli?ed to its 
original level accounting for any attenuation in the path 
between transducers 32 and 34. The ampli?ed or restored 
signal is reapplied to the input transducer between terminals 
36 and 37 of transducer 32 which then converts this electrical 
signal into an acoustic surface wave. 

This sequence of events is repeated for this and each sub 
sequent path. Consequently, a series of spaced pulses appears 
between output terminals 38 and 39 of output transducer 35. 
The output of this pulse generator may be connected to any 

one of the multitude of circuits which use such pulses. 
FIG. 3 depicts beam forming networks for both receiving 

and transmitting radar signals. For receiving, a received signal 
which comes from the direction of beam 01 provided the 
highest signal strength at lead 01; from the direction of beam 
02 provides the highest signal strength at leads 02 and so forth 
as between other outputs on the remaining leads. For trans 
mitting radar signals, the signal applied at lead 01 will form a 
radiating pattern with its main lobe in the direction of beam 
01; applied at lead 02 forms the beam in direction 02 and so 
forth. 
Three multitapped delay lines 51, 52, and 53, constructed in 

accordance wit with the principals of the invention discussed 
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in relation to FIG. 1, are provided. Each delay line contains a 
respective input transducer 54, 55, and 56 connected to a cor 
responding spaced antenna 57, 58, and 59. 
The ?rst delay line includes three output transducers 60, 61, 

62 and corresponding re?ective gratings 63, 64, and 65. These 
transducers are respectively spaced from the input transducer 
54 by distances indicated in phase angles of (MD — 6), 2A<I>, 
and 3A<IJ + 8, where 

and d is the distance between the antennas, 90 the angular 
are between the beam lobes, and A the wavelength of the 
signal. 
The second delay line 52 includes three spaced output 

transducers 67, 68, and 69, and corresponding re?ective 
gratings 70, 71, and 72. These transducers are respectively 
spaced from input transducer 55 by distances expressed in 
phase angle of 2A<I> + 6; 2A<I>; and 2A<I> + 8. 
The third delay line 53 includes three spaced output trans 

ducers 73, 74, and 75, and corresponding re?ective gratings 
76, 77, and 78. These transducers are respectively spaced 
from input transducer 56 by distances expressed in phase 
angle ofACD + 8, 2A6; 3A<l> — 8. 
The outputs of transducers 62, 69, and 73 are connected in 

common to lead 1; the output of transducers 61, 68, and 74 
are connected in common to lead 2, and the output of transdu 
cers 60, 67, and 75 are connected in common to lead 3. 
As is apparent, conventional ampli?ers may be connected 

at the input of the delay line or at the outputs to increase the 
level of the signals if such is desirable. 
The principal of operation is easily understood by consider 

ing its function during receiving. For transmitting the opposite 
of the following occurs. In receiving when the electromagnetic 
wave arrives from the direction of beam 57, as shown in FIG. 
3, the wave front reaches the antenna 57 ?rst and then anten 
nas 58 and 59 after a phase lag of Ad), and 2A@, respectively. 
Each of the transducers 54, 55, and 56 convert the elec 
tromagnetic waves into acoustic waves which travel along the 
respective layers of piezoelectric material in delay lines 51, 
52, and 53. Taking the phase of the signal at antenna 57 as a 
reference, the outputs of transducers 62, 69, and 73 are in 
phase (3N1) + 6). Since these 3 transducers are connected to 
lead 01 and their outputs are in phase, the signals add and the 
output at lead 01 is stronger than that which appears on leads 
02, and 03. By comparison, lead 02 is connected to transdu 
cers 61, 68, and 74 which gives signals of phases 2A<D, 3A (I), 
and 4N1), which are obviously not in phase. Thus, lead 02 does 
not give as strong a signal as that appearing on lead 01. 
Likewise, the output transducers 60, 67, and 75 are connected 
to leads 03 and have signals of different phases of (ACIJ — 8), 
(3ND — 6), and (SAG) — 8) and hence do not add. When the 
electromagnetic wave comes from the direction of beam 58, 
the wave front reaches the three antennas at the same time, 
and taking antenna 2 or transducer 55 as the reference phase, 
and the in-phase 2A6 or strongest output signal appears at lead 
02. 

Similarly, when the electromagnetic wave comes from the 
direction of beam 03, the strongest output appears at lead 03. 
In that instance, output signals from transducers 60, 67, and 
74 are all in-phase e.g., all are 3AM taking antenna 59 or 
transducer 56 as the reference phase. These same principals 
apply to directional transmitting of signals. Thus, the direction 
of the beam can be steered electronically by switching the ap 
plied signal at the leads 01, 02, and 03. 

It is to be understood that this invention is not restricted to 
the particular details as described above, as many equivalents 
suggest themselves to those skilled in the art. The foregoing 
embodiments, it is understood, are presented solely for pur 
poses of illustration and are not intended to limit the invention 
as de?ned by the breadth and scope of the appended claims. 

I claim: 
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1. An acoustic surface wave device comprising in combina 

tion: A layer of piezoelectric material having a smooth surface 
input acoustic surface wave transducer means coupled to said 
surface of said layer for converting electrical signals supplied 
thereto into an acoustic surface wave which travels along the 
surface of said layer in at least one predetermined ?rst path of 
travel; a re?ective grating comprising a plurality of spaced 
strips of metallic material coupled to said surface of said layer 
and positioned across and skew to said ?rst path of travel for 
re?ecting a portion of said acoustic surface wave along a 
second path on said surface skew to said ?rst path and per 
mitting the passage of the remaining portion of said acoustic 
surface wave substantially in said ?rst path of travel along said 
surface; and output acoustic surface wave transducer means 
spaced from said input transducer means coupled to said sur 
face of said layer in said second path of travel for producing an 
electrical output signal in response to passage of said re?ected 
portion of said acoustic surface wave. 

2. The invention as de?ned in claim 1 further comprising a 
?nal output transducer means coupled to said surface of said 
layer at a predetermined position in said ?rst path on the side 
of said re?ective grating opposite said input transducer for 
producing an electrical output signal in response to the 
passage of said remaining portion of said acoustic surface 
wave. 

3. The invention as de?ned in claim 1 wherein said plurality 
of strips in said re?ective grating are spaced apart a predeter 
mined distance and parallel and aligned skew to said ?rst path. 

4. The invention as de?ned in claim 3 wherein each of said 
transducer means and said output transducer means further 
comprise a plurality of adjacent spaced parallel conductive 
strips and means to connect adjacent strips to opposite polari 
ty terminals. 

5. The invention as de?ned in claim 4 wherein said strips 
comprising said transducer means contain elongated front and 
back edges and one of said edges of at least one of said strips is 
spaced from a corresponding one of said edges of an adjacent 
strip by a distance of k /2 where )t = v/f and f is a predeter 
mined input signal frequency and v is the acoustic velocity in 
said layer. 

6. The invention as de?ned in claim 3 wherein said conduc 
tive strips comprising said re?ective grating and said ?rst path 
de?nes a predetermined angle, 9, and wherein each one of 
said adjacent spaced parallel strips comprising said re?ective 
grating possess elongated front and back edges and wherein at 
least one of the said edges of one of said strips is spaced from a 
corresponding edge of an adjacent strip by a distance, d, which 
is substantially equal to n A /2 sin 9, where n is an integer, and 
A is the acoustic wavelength in said layer of a predetermined 
frequency, f. 

7. The invention as de?ned in claim 6 wherein each of said 
edges and corresponding edges comprises a front edge. 

8. The invention as de?ned in claim 3 wherein said conduc 
tive strips comprising each re?ective grating and said ?rst path 
de?nes a predetermined angle, 6, wherein adjacent strips in 
each re?ective grating are spaced by a distance, 3, and have a 
width, t, and s+t is substantially equal to nlt /2 sin 6, where n is 
an integer and k is the acoustic wavelength in said layer of a 
predetermined frequency, f. 

9. In combination: A layer of piezoelectric material having a 
smooth surface; transducer means coupled to said surface for 
converting electrical signals supplied thereto into an acoustic 
surface wave which travels along the surface of said layer in at 
least one predetermined ?rst path; a plurality of re?ective 
gratings of metallic material coupled to said surface and 
spaced from one another in said ?rst path along the surface of 
said layer; each of said re?ective gratings responsive to an in 
cident acoustic surface wave for re?ecting a portion thereof in 
a path along said surface skew to said ?rst path and permitting 
passage of the remaining portion thereof in said ?rst path of 
travel; a plurality of output transducers corresponding to the 
plurality of re?ective gratings and spaced along said surface; 
each one of said output transducers being coupled to the sur 
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face of said layer confronting a corresponding one of said plu 
rality of re?ective gratings and located substantially in said 
path of travel of said re?ected portion of said acoustic surface 
wave re?ected from said corresponding re?ective grating and 
responsive to the incidence of an acoustic surface wave for 
producing an electrical output signal. 

10. The invention as de?ned in claim 9 further comprising 
an additional output transducer coupled to said layer and 
located in said path of travel of said acoustic surface wave and 
beyond the last one of said plurality of re?ective gratings for 
producing an electrical output signal in response to the in 
cidence of an acoustic surface wave. _ 

11. The invention as de?ned in claim 10 wherein each of 
said plurality of said re?ective gratings comprise a plurality of 
adjacent spaced parallel conductive strips coupled to said sur 
face and skew to said ?rst path of travel of said acoustic sur 
face wave. > 

12. The invention as de?ned in claim 11 wherein each of 
said input and output transducers comprise a plurality of inter 
digitated thin conductive strips. 

13. The invention as de?ned in claim 11 wherein said con 
ductive strips comprising each said re?ective grating and said 
?rst path de?ne a predetermined angle, 9, and wherein each 
one of said adjacent spaced parallel strips comprising each 
said re?ective grating possess elongated front and back edges, 
and wherein at least one of the said edges of one of said strips 
is spaced from a corresponding edge of an adjacent strip by a 
distance, d, which is substantially equal to n A /2 sin 6, where n 
is an integer, and A is the acoustic wavelength in said layer of a 
predetermined frequency, f. 

14. The invention as de?ned in claim 13 wherein each of 
said edges and corresponding edges comprises a front edge. 

15. The invention as de?ned in claim 11 wherein said con 
ductive strips comprising each re?ective grating and said ?rst 
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path de?ne a predetermined angle, 6, and wherein adjacent 
strips in each re?ective grating are spaced by a distance, 5, and 
have a width, t, and s+t is substantially equal to n A /2 sin 9, 
where n is an integer and is the acoustic wavelength in said 
layer of a predetermined frequency, f. 

16. The invention as de?ned in claim 15 wherein said strips 
comprising said transducer means contain elongated front and 
back edges and one of said edges of at least one of said strips is 
spaced from a corresponding one of said edges of an adjacent 
strip by a distance of A /2, where A = v/f and f is a predeter 
mined input signal frequency and v is the acoustic velocity in 
said layer. ' 

17. An acoustic surface wave device comprising in com 
bination: A piezoelectric layer having a ?at surface capable of 
sustaining the propagation of an acoustic surface wave at a 
predetermined ?rst velocity; ?rst acoustic surface wave trans 
ducer means coupled to said surface of said piezoelectric layer 
and responsive to an electrical input signal for producing a 
corresponding acoustic surface wave for travel in a ?rst 
direction; a thin metallic coating having a major axis inclined 
at an angle to said ?rst direction of travel located on a portion 
of said surface of said piezoelectric layer at a predetermined 
position spaced from said input transducer and from any edges 
of said piezoelectric layer for lowering the acoustic velocity 
with which an acoustic surface wave travels thereby to create 
a difference in the acoustic propagation velocity between the 
coated and uncoated portions of said layer whereby a portion 
of any acoustic surface wave is re?ected along said surface in 
a second direction skew to its original direction of propaga 
tion; and second acoustic surface wave transducer means cou 
pled to said surface responsive to a re?ected acoustic surface 
wave traveling in said second direction for providing an elec 
trical output signal corresponding thereto. 


